INTRODUCTION
Records of laboratory-confirmed cases of heartwater (Cowdria ruminantium infection in ruminants) from the Department of Veterinary and Tsetse Control Services in Zambia for the period 1972-1981 reveal that the disease occurs throughout the country. The disease is believed to be responsible for numerous deaths, mainly during the rainy season, but the extent to which the ruminant population has been exposed is unknown because biopsies in which the C. ruminantium is readily demonstrable are not easy to collect in a living animal, and a practical test for seroepidemiological studies is lacking. Consequently, ruminants which have recovered from the infection either naturally or through treatment with tetracycline or sulphonamide cannot be identified with certainty in the field.
Ilemobade and Blotkamp (3) described a capillary flocculation test for heartwater in which antibodies were first detected one to two weeks after recovery and persisted for periods varying between one and four weeks; this test therefore was unsuitable for sero-epidemiological studies. Du Plessis (1) reported application of the indirect fluorescent antibody (IFA) test to heartwater using peritoneal cells of mice infected with a C. ruminantium-\ike organism; to date, only two strains of C. ruminantium have been shown to infect mice (4) .
In this communication, we report the isolation and reactions of ruminants experimentally infected with a Zambian field isolate and also the results of our attempts to demonstrate complement-fixing antibodies in serum from these animals.
MATERIALS AND METHODS

Isolation and transmission.
C. ruminantium
was isolated by inoculating intravenously heparinized blood of a naturally infected steer from a farm in Kafue, Central Province of Zambia into a goat. The subsequent passage of this isolate through the experimental animals is shown in Fig. 1 . On one occasion, an attempt was made to pick up the infection from the goat with Amblyomma variegatum larvae, and to transmit it with the resulting nymphs to a sheep. 
Experimental animals.
Goats, sheep and cattle were used, the first two species having been born and reared at the Central Veterinary Research Institute, Balmoral, while the cattle were Friesian bull calves from a nearby government dairy farm, free from Amblyomma ticks and heartwater.
Complement fixation test (CFT).
Antigen for use in the complement fixation test was prepared from brain and blood of infected animals, using the sucrose-acetone extraction method described by Work (5) . The antigen was subsequently stored at -60°C. A modified complement fixation microtechnique was used and carried out as described by Hammon and Work (2) . The antigens together with positive sera from recovered experimental animals were standardized by means of the checkerboard titration technique before being used in the test proper.
RESULTS
C. ruminantium
(Kafue strain) was successfully transmitted to goat, sheep and cattle and the reactions of these experimental animals subinoculated with the infective blood are summarized in Table I Table II . The antibody titres were low and a twofold dilution of the antigen markedly diminished the reactions. Unfrozen brain did not provide a more reactive antigen; the density of micro-organisms in both brains appeared to be of the same magnitude as determined by microscopic examination of Giemsa-stained brain smears. The antigen prepared from blood appeared to be more reactive than that prepared from the brain, because it could detect antibodies in the serum of calf No. 3-10 (Table II) . The reactions of sera from the various experimental animals (Table I ) with antigen prepared from infected blood of sheep No. 515 are summarized in Table III . CFT antibodies could be detected from 11 days and could be followed up to 66 days after inoculation.
DISCUSSION
This is the first report of isolation and laboratory studies on C. ruminantium in Zambia. The organism was successfully transmitted by serial sub-inoculation of infected blood into goat, sheep and cattle, and also by A. variegatum nymphs. It 2. Animals Nos. 3-10, 514, 515 and 3-6 had sera collected on day 6, 5, 1 and 5 respectively before inoculation; no antibody titres were detected in these sera. NR = no reaction. consistently caused fever in all the experimental animals and was fatal in four out of six cases. Of the two surviving animals, one recovered naturally and the other was treated with oxytetracycline. The reason for the absence of central nervous involvement in sheep is unknown.
There were indications that establishment of the infection might depend on dose, since 3 ml of infected blood into sheep No. 514 failed to cause a fever and death. Subsequent challenge with a larger volume of infective blood resulted in death due to heartwater (Table I ). The prepatent period before fever, the duration of fever and the time to death were considerably longer for this sheep than for the other animals (Table I) , probably indicating that the protective immune mechanisms had been partly activated.
The results shown in Tables II and III indicate that animals experimentally infected with C. ruminantium do develop complement fixing antibodies. The low antibody titres observed and failure to detect antibody in serum from some of these animals may be explained by insufficient time to develop complement-fixing antibodies as a result of the early deaths of calf No. 3-10 and sheep No. 515, or the early treatment of calf No. 3-6, or an inadequate concentration of the antigen. It is expected that production of a more concentrated antigen using a modification of the methods reported, may lead to higher titres.
The consistently low antibody titres in goat No. 504 and the failure to detect any antibodies in the serum of calf No. 3-6 (despite it being solidly immune upon challenge) seem to suggest that failure to detect complement fixing antibodies using our techniques does not necessarily reflect lack of protective immunity.
